We present a case of patient with a rare vessel pathology -arteriovenous fistula (AVF) of superficial temporal artery and vein. The 56-year old man was admitted to the Department of Neurology because of a headache in the right temporal region with concomitant buzzing sound in his right ear. The pain was present mainly in the evenings and was stronger when touching the temporal region. He denied having any head injury in the last few years.
Introduction
According to the International Classification of Headache Disorders (3rd Edition), headaches are divided into the following categories: primary headaches, secondary headaches and painful cranial neuropathies, other facial pains, and other headaches.
Secondary headaches are often defined as symptoms of vascular pathologies within the head and neck. These include dural arteriovenous fistulas and unruptured arteriovenous malformations (AVM). The following case study leads us to believe that headaches can be caused by specifically localized AVMs.
Case report
A 56-year old white male was admitted to the Department of Neurology because of a headache lasting for approximately one month. The pain was localized in the right temporal area and was mostly induced by laying on the right side as well as on palpation, and while combing the hair. The patient emphasized that the pain was more intense towards the end of the day. In addition, the patient complained of a concomitant pulsatile tinnitus or buzzing sound in the right ear, which he described as "a heart beat". Patient denied taking any prescription or over-the-counter medication at the time. He has a history of 20 plus years of smoking cigarettes and alcohol abuse in the past. A couple of years earlier he had an unspecified accident that led to injury of the left brachial plexus. Patient was not complaining of any medical consequences of the injury mentioned above. He denied any head injury in the past, there was no loss of consciousness at any time.
Physical examination of the scalp revealed a subcutaneous, non-movable mass, surrounded by a margin of red skin. The hair in the area was more sparse than on the opposite side.
The mass was pulsatile. There was a bruit heard upon auscultation of the mass. This anomaly was strongly suggestive of arteriovenous fistula (AVF) on the right side.
MRA revealed widened, elongated superficial temporal vessels on the right side but a precise site of connection between vessels was not identified (Fig. 2) . Therefore CTA imaging studies were performed. CTA revealed an AVM in the form of a fistula between the right superficial temporal artery and corresponding vein at the level of the right zygomatic arch (Fig. 3, Fig. 4 
Discussion
Headache is one of the most common complaints reported to primary care physicians. In this article we wanted to add a rather uncommon cause of headache. It is quite important to ask appropriate questions during the interview as well as to perform vigilant neurological examination in this group of patients. Arteriovenous fistulas of the scalp most often involve the superficial temporal artery as well as the occipital artery and their corresponding veins [1] . There are infrequent reports described in literature about AVFs between extracranial arteries and sinuses of the dura mater [8] . This configuration results in raised blood pressure in the affected sinus and internal jugular vein [6] .
In summary, the most common symptoms of AVFs of the scalp are: localized headache, a pulsatile subcutaneous mass, and pulsatile tinnitus in the ear. Due to decreased circulation within tissue, skin changes, like baldness or necrosis may also occur. The abnormalities found on physical examination are the following: bruit on auscultation of the mass, pulsatile vibration on palpation, and Terrier's sign.
The fistulas can be divided into acquired and congenital according to the literature [1, 4, 5] .
The former are traumatic (including iatrogenic trauma) in origin, however sporadic nontraumatic cases are described [8, 10] . Traumatic AVF is a rare condition [2] . It develops after accidental trauma of the head or iatrogenic (after certain medical intervention), specifically after temporomandibular joint surgery. Such fistulas may also develop as a complication of hair transplant surgery or neurosurgery [3, 5, 9] . The symptoms may develop immediately after the trauma or months to years following it. There is a hypothesis, that the onset of symptoms is strictly related to the pathomechanism of fistula formation. Namely this refers to the process of simultaneous arterial and venous wall laceration creating a single, direct connection between vessels. This process results in immediate patient complaints. The late clinical manifestation is related to the disruption of vasa vasorum. Their endothelium cells divide and form small vascular channels joining the adjacent vein. This process of formation may last up to a year, hence the delayed occurrence of symptomotology [2, 3] .
Congenital fistulas may be present at birth or remain asymptomatic until adulthood [6] .
Some factors are known to increase circulation within these malformations. Doing so makes them symptomatic. Such factors include: hormonal changes, pregnancy, trauma, vasomotor disturbance and inflammation [8] . There are several hypotheses explaining the formation of this pathology: the persistence of primitive arteriovenous channels and capillary agenesis, presence of vascular hamartomas (from which they may originate), and formation at sites of arteriovenous crossing [8] .
In some cases it is difficult to establish the origin of the fistula. Patient may not be able to provide obvious history of head trauma. As our patient denied having trauma of the head, we can presume that his case was non-traumatic, but, due to history of alcohol addiction, traumatic etiology cannot be excluded. In the situation of high suspicion of AVF the primary imaging study of choice is duplex-Doppler ultrasound of the carotid arteries. On the side of the pathology, the blood flow in the external carotid artery is low-resistant, turbulent, and accelerated [11] . However the disadvantage of this examination is the inability to localize the site of the fistula. Therefore the next step should be to perform a MRA with special attention to the area of patient complaint. According to literature, it is more sensitive than CTA in searching for the site of pathologic arteriovenous leak. This stands in opposition to our case, in which CTA was the more precise examination [3] .
Angiography (DSA) is the gold standard for diagnosis of AVF [3, 11] .
The following ways of treatment are possible:
• ligation of feeding arteries and veins,
• total surgical excision,
• transarterial or transvenous embolization and intralesional injection of sclerosant medication [ 3] • combination of these methods [7] The method of choice is surgical excision because it gives the lowest rate of recurrence. In patients with high risk of skin necrosis, ligation or embolization are the preferred methods even though they carry a higher recurrence rate [3] .
Conclusions
Arteriovenous fistula of the scalp vessels is a rare condition. Nevertheless, it should be considered in the differential diagnosis of localized headache with scalp pain. 
